Abstract-We present a theoretical study of nonlinear interactions between a short, intense laser-beam and a fully relativistic plasma channel containing hot electrons and positrons. We have obtained the governing equation for the evolution of the spot size with relativistic corrections. Also, the acceptable solutions of relativistic solitary waves have been predicted.
I. INTRODUCTION
The development of ultra intense short laser pulses allows exploration of fundamentally new parameter regimes for nonlinear laser plasma interaction [1] - [3] . Now we have laser beams with intensities up to 2 21 10 cm W in laboratories.
At such a high intensities electrons quiver velocity becomes relativistic. In such a situation, consideration of the relativistic electron mass variation [4] - [8] as well as the relativistic ponderomotive force [9] , [10] is very essential in the study of nonlinear laser plasma interactions.
When an ultra intense laser pulse propagates in plasma, several nonlinear phenomena are excited, as, for example, laser frequency variation, high-order harmonic generation, the appearance of coherent nonlinear structures (plasma channels, relativistic solitons, vortices), the generation of ultra intense quasistatic electric and magnetic fields, and electron and ion acceleration to relativistic energies.
The paper is organized as follows. In section 2, we present the relevant equations to formulate the proposed problem with appropriate assumptions and the relativistic versions of the equations describing the evolution of the spot size is obtained. In section3, we discuss the solution to the governing equation. Section 4, summarizes the findings of this study. It is necessary to mention that, in the low velocity limit, all the expressions found in this study reduce exactly to their weak relativistic expressions [11] . 
II. BASIC EQUATIONS
We first present the relevant equations describing the action of intense laser light on the plasma consisting hot electrons and positrons. We assume a circularly polarized laser pulse propagating along the z-direction in a hot and under dense plasma channel which has a parabolic density profile of the form     
where   (4) and (5) (4)- (5) obviously reduce to the expressions for the weak relativistic limits [11] .
III. ACCEPTABLE SOLUTIONS OF RELATIVISTIC SOLITARY WAVES
Now we are going to turn our attention to invstigate the existence of solitary wave solutions of equation (4). We follow the same technique used in [11] 
